Introduction
Accurate studies of the production and decays of beauty and charm hadrons are exploiting a unique laboratory for testing the Standard Model in the fermion sector, for studying QCD in the non-perturbative regime and for searching for New Physics through virtual processes. The first two items are the main subjects of this paper while the latter is discussed in [ 1] . In the Standard Model, weak interactions among quarks are encoded in a 3 × 3 unitary matrix: the CKM matrix. The existence of this matrix conveys the fact that quarks are a linear combination of mass eigenstates [ 2, 3] . The CKM matrix can be parametrized in terms of four free parameters. These parameters can be measured in several physics processes. In a frequently used parametrization these parameters are named: λ, A,ρ andη 1 . The Standard Model predicts relations between the different processes which depend upon these parameters; CP violation is accommodated in the CKM matrix and its existence is related toη = 0. The unitarity of the CKM matrix can be visualized as a triangle in theρ −η plane. Several quantities, depending uponρ andη can be measured and they must define compatible values for the two parameters, if the Standard Model is the correct description of these phenomena. Extensions of the Standard Model can provide different predictions for the position of the upper vertex of the triangle, given by theρ andη coordinates. to allow for precise extraction of the CKM parameters. Figure 1 shows "pictorially" the unitarity triangle and the different measurements contributing to the determination of its parameters. In the first part of this paper we present the new results on the beauty and charm meson spectroscopy and lifetimes. The second part summarises the new results obtained in rare B decays. Part of these results, especially those concerning the new determination of sin 2β are described in [ 5] , [ 6] . We, then, review the results on the CKM matrix elements: V cb and V ub through B decays and V td and V ts using B 0 −B 0 oscillations. We finally show how these measurements constrain the Standard Model in the fermion sector, through the determination of the unitarity triangle parameters.
B physics is studied at several facilities, which are schematically summarised in Table 1 . For D physics, at the Υ(4S) charm particles are produced in the continuum allowing B-factories to obtain charm physics results. Charm particles are also produced in photon and hadron production. FOCUS experiment (E831) (the successor of E687) is designed to study charm particles produced by ≃200 GeV photons using a fixed target spectrometer. SELEX experiment uses, instead, the 600 GeV Fermilab Hyperon beam (which in fact has equal fluxes of π − and Σ − ). Figure 2 . The fit is compatible with a single Gaussian distribution of width corresponding to the experimental resolution, which suggests a low mass splitting between the narrow states. The results are:
The data also suggest (improvement of the χ 2 of the fit) the presence of a broad component, situated 100 MeV above the fitted narrow states component, with a width of Γ ≃ 250M eV . B * * s mesons and Σ ( * ) b baryons Signals from B * * s mesons can be obtained by replacing the π candidate by an identified charged kaon. Evidence for the narrow B * * s mesons was found by OPAL and in a preliminary DELPHI analysis [ 8] . The new DELPHI analysis does not confirm this result and sets a limit on the production rate of narrow B * * s states:
(narrow states only)
Excited b-baryons states are the Σ b (I = 1, S = 1/2) and Σ * b (I = 1, S = 3/2) in which the light diquark (ud) system has a spin and an isospin equal to one. These baryons are expected to cascade into Λ The new DELPHI analysis does not confirm an old preliminary evidence [ 9] by setting a limit on the production rate:
The Tevatron (Run II) is in a good position to obtain signals for these states, in future.
Charmed Baryon Spectroscopy
22 charmed baryon states were found sofar, implying a rich spectroscopy.
New results were presented concerning the mass measurement of the Ω c (css) baryon. The invariant mass obtained by the FOCUS Coll. is shown in Figure 3 . A summary of results on the Ω c mass measurement is given in Table 2 . 
Heavy quark lifetimes
The measurements of the B and D lifetimes test the decay dynamics, giving important information on non-perturbative QCD corrections induced by the spectator quark (or diquark). Decay rates are expressed using the OPE formalism , as a sum of operators developed in series of order O(Λ QCD /m Q ) n . In this formalism, no term on 1/m Q is present and the spectator effects contribute at order 1/m 3 Q 2 . In the B sector, nonperturbative operators are evaluated, most reliably, using lattice QCD calculations. 2 Terms at order 1/m Q would appear if in this expansion the mass of the heavy hadron was used instead of the mass of the quark. The presence of this term would violate the quark-hadron duality.
Beauty hadron lifetimes
Measurements of the different B hadron lifetimes have been a field of intense experimental activity at LEP/SLD/CDF in the last ten years and recently at B-factories (for B 0 d and B + mesons only). Results are given in Table 3 [ 10] . 
Ratios of different B hadron lifetimes, given in Figure 4 , are compared with theory predictions (yellow bands).
The attained experimental precision is remarkable and LEP results are still dominating the scene. The fact that charged B mesons live longer than neutral B mesons is now established at 5σ level and is in agreement with theory. The B 0 d and B 0 s lifetimes are expected (at ≃1%) and found (at ≃4%) to be equal. A significant measurement in which this ratio differs from unity will have major consequences for the theory. The b-baryons lifetime is measured to be shorter than the B 0 d lifetime, and the size of this effect seems to be more important than predicted (2-3σ). Recent calculations of high order terms give an evaluation of the b-baryon lifetime in better agreement with the experimental result [ 11] . New results are expected from B-Factories (which could decrease the relative error on the lifetimes of the B Figure 4 . B hadrons lifetime ratios [ 10] , compared with theoretical predictions as given by the yellow bands.
Charm hadron lifetimes
Differences between charm-hadron lifetimes are expected to be larger than for b-hadrons due to the smaller value of the charm quark mass. 
producing results which are often better than previous world averages. New results obtained in the baryon sector are shown in Figure 5 . A summary of charm hadron lifetime measurements is given in Table 4 . The charm hadron lifetime hierarchy is observed as predicted by theory. Nevertheless, the remarkable improvement in the experimental precision is not yet matched by theory calculations.
Rare B decays
Rare B decays were the realm of CLEO Coll., with about 9M pairs of B mesons registered, which allowed to access B decay modes of branching fraction of the order of 10 −5 . In few areas the LEP experiments contributed too. Since the statistics is the main issue, these studies have become a central topic in the B-factory program, which have now (with about 90M pairs of B mesons registered) the possibility of accessing branching fractions of the order of 10 −6 .
Radiative B decays ( b → sγ )
The radiative B decays proceed via the penguin diagrams. The first observation of these events was made by the CLEO Coll. in 1993 [ 12] .
There are three main motivations for studying radiative B decays: Table 5 Summary of the results on exclusive b → sγ decays. Part of these results are still preliminary and the averages have been made by the author.
Collaboration
−5 ± 1 (with only 30MB) A CP = -0.022 ± 0.048 ± 0.017 Average 41.4 ± 2.6 39.8 ± 3.5 16.1 ± 4.2 A CP = -0.034 ± 0.040 theory [ 13] , [ 14] , [ 15] Br • they are sensitive to New Physics (heavy particles in the loop);
• the photon energy spectrum can be used to extract non-perturbative QCD parameters, as the b-quark mass and the Fermi motion of the light quark inside the hadrons (which are important to reduce the error on the extraction of V cb and V ub when using inclusive b-semileptonic decay samples);
• the ratio
Br(b→sγ) is proportional to the ratio of CKM matrix elements |V td /V ts | 2 .
From the theoretical point of view, inclusive decays are "cleaner" than the exclusive ones, because the latter depend upon not yet well controlled form factors. The determination of the CP asymmetry 3 , which is expected to be small in the Standard Model (< 0.5%), can be a good place for studying non-SM CP violation.
New results from B-factories have been presented. A summary of the exclusive b → sγ decays is given in Table 5 . The measured branching fractions are compatible with the predicted ones and the CP asymmetry is compatible with zero within the error of about 4%. First results exist on b → dγ exclusive decays (involving ρ 0 , ρ + , and ω), which combined with the results given in Table 5 imply:
This limit is typically a factor two (with a large error) larger than the SM expectations [ 16] , [ 15] (using the current determination of the Unitarity Triangle R = 0.023 ± 0.012 is obtained [ 17] ) and cannot yet be translated into an effective constraint on |V td /V ts | 2 ∝ (1 −ρ) 2 +η 2 . The BaBar Coll. presented also two new b → sγ inclusive analyses. The experimental situa-tion, compared with the most recent theoretical calculation [ 18] is shown in Figure 6 . Two comments can be made: on the one hand, the agreement between experimental results and theoretical calculations is excellent, on the other hand the experimental precision is approaching the theoretical uncertainties.
Rare leptonic B decays (B
Motivations for the study of rare leptonic and radiative B decays are similar. 
The top left(right) plots show the invariant mass spectrum for the signal in the electron(muon) channels, while the bottom left shows the sum of the two channels. The bottom right plot shows the mass spectrum for the eµ channel where no signal is expected.
A summary of exclusive leptonic B decay measurements is given in Table 6 . The Belle Coll. has obtained the first observation of the inclusive b → X s ℓ + ℓ − decays ( Figure 7 ). Babar Coll. presented also a limit on the
where the SM expectations is 3.8 × 10 −6 )
B hadronic decays
Exclusive hadronic B decays are a gold mine for weak and hadronic physics. One of the important goals for studying these decays is the extraction of the Unitarity Triangle angles. Hadronic B decays can be schematically classified as: B → Charmonium decays ; B → Open Charm decays (DX, DD,....); B → Charmless B decays (ππ , Kπ....). Three kinds of measurement can be performed: branching fractions, CP asymmetries (A CP ) and time dependent CP asymmetry (
The cleanest way for extracting a weak angle is the study of the time dependence of CP asymmetry. The "golden channel" is the decay mode: B → J/ΨK 0 for the extraction of the β angle. The angles α and γ can be, in principle, extracted from the study of the time dependence in charmless B decays. Results from these analyses have been presented in two dedicated plenary talks from the BaBar [ 5] and Belle [ 6] Coll.. In this paper few examples of experimental results are selected to show the impressive work in this field and also the richness of the hadronic physics informations which can be extracted.
Open Charm decays
B → Dπ and other colour suppressed decays. The study of Open Charm decays gives an important test for the B decay dynamics. As an example, B → Dπ decay channels can be used.
All the B → Dπ decays rates are measured and can be described by the color-allowed and colorsuppressed diagrams (in particular the B Table 7 Summary of results on colour suppressed modes in Open Charm B decays ( common systematics from D 0 branching fractions can be neglected at the present level of precision). Part of these results are still preliminary and averages have been made by the author.
which is at 3.2σ different from unity and indicates sizable final-states re-scattering effects in Dπ decays. Other colour-suppressed modes are now measured and are summarised in Table 7 . The rates are in general twice larger as those expected in the naive factorization approach. cay mode is expected to proceed via the b → u transition, with no penguin contribution and can provide, in principle, a way to determine |V ub | [ 19] . It seems, nevertheless, difficult to extract |V ub | with a precision better than 30%. This mode can be used to determine the ratio
which is important for a possible extraction of sin2(β + γ) from the study of the time evolution of the 
28.9 ± 5.4 ± 4.3 27.6
0.19 ± 0.14 ± 0.11
+6.2+9.3 −5.9−8.7
67 ± 5 ± 5 80
± 7 -0.015 ± 0.070 ± 0.009 -0.11 ± 0.11 ± 0.02
46 ± 6 ± 4 89 +18 −16 ± 9 0.26± 0.22 ±0.03 
Charmless B decays
One of the interest of measuring charmless B decays is the determination of the unitarity triangle angles α and γ. In general a given decay mode is described by various tree (T) and penguin (P) diagrams which depend upon weak and Table 10 Summary of preliminary results onΛ and λ 1 . The second and third errors correspond, respectively, to the systematic and theoretical uncertainties (α s and 1/m ). In particular important progress has been made in the last years with the calculation of amplitudes in the heavy quark limit [ 21] , but there is still some controversy on the corrections to it [ 22] . Analyses have been made, essentially on B → P P (P=pseudosclar) with contradictory results. From the experimental point of view an impressive effort has been made to measure as many branching fractions and CP asymmetries as possible. Results are given in Table 9 . Those on branching fractions are in fairly good agreement among different experiments. CP asymmetries are all compatible with zero. The only "anomaly" is the CP asymmetry in the π + π − channel reported by the Belle Coll..
Determination of |V cb |
The |V cb | element of the CKM matrix can be accessed by studying the decay rates of inclusive and exclusive semileptonic b-decays.
Inclusive analysis.
The first method to extract |V cb | makes use of the inclusive semileptonic decays of B-hadrons and of the theoretical calculations done in the framework of the OPE. The inclusive semileptonic width Γ s.l. is expressed as:
From the experimental point of view the semileptonic width has been measured by the LEP/SLD and Υ(4S) experiments with a relative precision of about 2%:
The average is :
The precision on the determination of |V cb | is mainly limited by theoretical uncertainties on the parameters entering in the expression of γ theory in equation 6.
Moments analyses
Moments of the hadronic mass spectrum, of the lepton energy spectrum and of the photon energy in the b → sγ decay are sensitive to the non perturbative QCD parameters contained in the factor γ theory of equation 6 and in particular to the mass of the b and c quarks and to the Fermi motion of the light quark inside the hadron, µ 2 π 4 . Preliminary results, obtained by BaBar, CLEO and DELPHI Coll., are summarised in Table 10 and in Figure 9 . By using the experimental results onΛ and λ 1 it gives:
This result is an important improvement on the determination of the |V cb | element. Part of the theoretical errors (from m b and µ 2 π ) is now absorbed in the experimental error and the theoretical error is reduced by a factor two. The remaining theoretical error could be further reduced if the parameters controlling the 1/m 3 b corrections are extracted directly from experimental data.
B → D
* ℓν analysis. An alternative method to determine |V cb | is based on exclusive Figure 9 . Constraints in theΛ − λ 1 plane obtained: by the DELPHI Coll. using the measured values of the first two moments of the hadronic mass and lepton energy spectra (top). The bands represent the 1σ regions selected by each moment and the ellipses show the 39%, 68% and 90% probability regions of the global fit ; by CLEO Coll. using the first moment of hadronic mass, lepton energy and γ energy distributions (bottom).
ing HQET an expression for the differential decay rate can be derived |V cb | = (41.9 ± 1.1 ± 1.9(F (1))10 −3 (exclusive) (10) Combining the two determinations of |V cb | (a possible correlation between the two determinations has been neglected) it gives:
|V cb | = (40.9 ± 0.8)10 −3 (exclusive + inclusive) (11)
Determination of |V ub |
This measurement is rather difficult because one has to suppress the large background from the more abundant semileptonic b to c quark transitions. Several new determinations of the CKM element |V ub | have been presented at this Conference [ 26] . Figure 12. Summary of |V ub | measurements [ 26] .
give a similar precision but these uncertainties are expected to be reduced in the near future. The main limitation in these calculations is that, at present, they can be used only in the high q 2
region. An interesting analysis has been presented by the CLEO Coll. using the B 0 → π − ℓ + ν decay mode, extracting the signal rates in three independent regions of q 2 . In this way it is possible to discriminate between models and the fit in Figure  6 shows that the ISGW II model is compatible with data at only 1% level of probability.
6.2. Determination of |V ub | using inclusive analyses. As for |V cb |, the extraction of |V ub | from inclusive semileptonic decays is based on HQET implemented through OPE. By using kinematical and topological variables, it is possible to select samples enriched in b → u transitions. There are, schematically, three main regions in the semileptonic decay phase space:
• the lepton energy end-point region:
2MB
(which was at the origin for the first evidence of b → u transitions)
• the low hadronic mass region: M X < M D (pioneered by the DELPHI Coll.)
• the high q 2 region:
The CLEO Coll. has presented an interesting attempt of a combined M X − q 2 analysis to reduce theoretical uncertainties. A summary of the different determinations of |V ub | is given in Figure 12 . It is probably too early to make an overall average using all results. The probability that a B 0 meson oscillates into a B 0 or stays as a B 0 is given by:
where τ q is the lifetime of the B The oscillation frequency is predicted to be:
where
Thus, the measurement of ∆m d and ∆m s gives access to the CKM matrix elements |V td | and |V ts | respectively. The difference in the λ dependence of these expressions (λ ∼ 0.22) implies that ∆m s ∼ 20 ∆m d . It is then clear that a very good proper time resolution is needed to measure the ∆m s parameter. On the other hand the measurement of the ratio ∆m d /∆m s gives the same constraint as ∆m d but this ratio is expected to have smaller theoretical uncertainties since the ratio ξ is better known than the absolute value of f B √ B B .
Measurement of the
The measurement of ∆m d has been the subject of intense experimental activity in the last ten years. Results are available from the combination of more than 35 analyses, using different event samples, performed by the LEP/SLD/CDF experiments. The combined measurement of ∆m d have a relative precision of ∼ 2.5%. The new and precise measurements performed at B-Factories are now included, improving the precision by a factor of two. A typical proper time distribution is shown in Figure 13 . The oscillating behaviour is clearly visible. Figure 14 gives the results for ∆m d , obtained by each experiment and the overall average [ 27]:
Improvements can still be expected from Bfactories which should reach a few per mille precision on ∆m d . ∆m s consists in modifying equation 12 in the following way [ 28] : 1 ± cos∆m s t → 1 ± Acos∆m s t. A and σ A are measured at fixed values of ∆m s instead of ∆m s itself. In case of a clear oscillation signal, at a given frequency, the amplitude should be compatible with A = 1 at this frequency. With this method it is easy to set a limit. The values of ∆m s excluded at 95% C.L. are those satisfying the condition A(∆m s ) + 1.645 σ A (∆m s ) < 1. Furthermore the sensitivity of the experiment can be defined as the value of ∆m s corresponding to 1.645 σ A (∆m s ) = 1 (taking A(∆m s ) = 0), namely supposing that the "true" value of ∆m s is well above the measurable value. During the last years impressive improvements in the analysis techniques allowed to increase the sensitivity of this search. Figure 15 
Unitarity triangle parameters determination
Different constraints can be used to select the allowed region for the apex of the triangle in theρ-η plane. Five have been used sofar: ǫ k , |V cb |/|V cb |, ∆m d , the limit on ∆m s and sin 2β from the measurement of the CP asymmetry in the J/ψK 0 decays. These constraints are shown in Figure 17 .
These measurements provide a set of con- straints which are obtained by comparing measured and expected values of the corresponding quantities, in the framework of the Standard Model (or of any other given model). In practice, theoretical expressions for these constraints involve several additional parameters such as quark masses, decay constants of B mesons and bagfactors. The values of these parameters are constrained by other measurements (e.g. top quark mass) or using theoretical expectations. Different statistical methods have been defined to treat the experimental and theoretical errors. The methods essentially differ in the treatment of the latter and can be classified into two main groups: frequentist and Bayesian. The net result is that, if the same inputs are used, the different statistical methods select quite similar values for the different CKM parameters [ 35] . The results in the following are shown using the Bayesian approach. Central values and the uncertainties taken for the relevant parameters used in these analyses are given in Table 11 [ 29] .
The most crucial test is the comparison between the region selected by the measurements which are sensitive only to the sides of the Unitarity Triangle and the regions selected by the direct measurements of the CP violation in the kaon (ǫ K ) or in the B (sin2β) sector. This test is shown in Figure 18 . Table 11 Values of the relevant quantities used in the fit of the CKM parameters. In the third and fourth columns the Gaussian and the flat parts of the uncertainty are given, respectively [ 29] . The values and the errors on V cb are taken from [ 31] 
The ranges within parentheses correspond to 95% probability. The results on ∆m s and γ are predictions for those quantities which will be measured in near future.
Conclusions
Many and interesting results have been presented at this conference. Traditional main players (LEP/SLD/CLEO) are still delivering results, while the B factories are moving B studies into the era of precision physics. Many quantities have already been measured with a good precision. The lifetimes of the B and charm hadrons are now measured at the one/few per cent level. |V cb | is today known with a relative precision better than 2%. In this case, not only, the decay width has been measured, but also some of the non-perturbative QCD parameters entering into its theoretical expression. It is a great experimental achievement and a success of the theory description of the non-perturbative QCD phenomena in the framework of the OPE. Many different methods, more and more reliable, are now available for determining the CKM element |V ub |. The relative precision, today, is about 10% and will be certainly improved in a near future at the B-factories. The time behaviour of B 0 −B 0 oscillations has been studied and precisely measured in the B s oscillations will be soon measured at the Tevatron. Nevertheless the impact of the actual limit on ∆m s for the determination of the unitarity triangle parameters is crucial. Many B decay branching fractions and relative CP asymmetries have been measured at the Bfactories. The outstanding result on the determination of sin 2β has been described in two plenary talks [ 5] , [ 6] . On the other hand many other exclusive hadronic B rare decays have been measured and constitute a gold mine for weak and hadronic physics, allowing to perform important tests of the B decay dynamics. The unitarity triangle parameters are today known with a good precision. A crucial test has been already done: the comparison between the unitarity triangle parameters as determined with quantities sensitive to the sides of the unitarity triangle (semileptonic B decays and oscillations) and with the measurements of CP violation in the kaon (ǫ K ) and in the B (sin2β) sectors. The agreement is unfortunately excellent. The Standard Model is "Standardissimo": it is also working in the flavour sector. This agreement is also an important test of the OPE, HQET and LQCD theories which have been used to extract the CKM parameters. The good news is that all these tests are at best at about 10% level. The current and the next facilities can surely push these tests to a 1% accuracy. It is important to note that charm physics can play an important role in this respect (providing a laboratory for LQCD) and the Charm-factory (CLEO-C) will play a central role for these issues.
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